Guided wave surface polaritons (GWSPs) propagating in a dielectric slab adjacent to a metal surface are investigated both theoretically and experimentally. It is shown that GWSPs can be used for high-resolution analysis of dielectric surfaces by means of the well-known attenuated total reflectance technique. From our experimental results we conclude that changes in the system equivalent to the adsorption of 1/30 of a monolayer can easily be resolved. A wellestablished surface characterization method, which had been restricted to few systems up to now, is thus immensely generalized.
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Optically excited surface plasrnons (SPs) have been used by many authors for metal surface characterization by means of the attenuated total reflectance (ATR) technique. '-"nder certain conditions, the SPs at the metal surface under investigation can be excited: resonantly, which gives rise to a sharp dip of the reflected Iight intensity. T h e shape of the resonance curve carries information about the structure of the surface and its coverage with adsorbed films. For instance, a dielectric coverage results in a shift of the resonance angle 8 , which i s roughly given by R (0) with a Gaussian profile. In Fig. 1 the calculated reflectivity of the layer system is plotted as a function of the angle of incidence for a thickness of the dielectric layer of D = 1.2 pm. It shows four GWSPs; the SP resonance can no longer be excited at that thickness (cf. Fig. 2 ). The dependence of the number and the position 8, of the GWSP resonances on the thickness of the waveguide layer is illustrated in Fig. 2 . Obviously, for every GWSP mode, its resonance position is most sensitive to changes of the thickness of the layer when 8, is smalI, i.e., in the vicinity of the total reflectance angle. We now defrne the sensitivity S of a show that the sensitivity of these GWSP modes to changes of A survey o f the calculated sensitivity of a large number of modes is given in Fig. 3 . The angle of incidence was fixed to 43" in For an experimental test of the sensitivity of GWSPs on coverage of the dielectric surface, one would need an independent and reliable method to vary and control the coverage of suitable adsorbates on a monolayer scale. Without such a technique presently at hand, we have chosen a simple alternative procedure: The air adjacent to the surface under investigation was replaced by hellurn gas, which changed the dielectric constant of the whole half-space from E = 1.090 276 to F = 1.000 035." As can be shown numerically, this has just the opposite effect on the resonances as covering the waveguide layer with approximately 2 of a dielectric material with 6 = 2 (the exact value of the equivalent coverage depends on the mode numher and the dielectric constant of the waveguide layer; it can be taken from He-Ne laser (632.8 nm ) was used for the G WSP excitation. We detected the shift of the resonances by a lock-in technique: the angle of incidence was modulated peEodically and the reflected intensity was Ted into a lock-in amplifier, yielding an output voltage proportional to the slope dR JdBof the reflectivity curve. A shift A8, of the resonance angle hence resulted in a signal proportional to A$, and to the quantity S defined in the previous section. Experiments were carried out with the three different dielectric coatings Iisaed in Table  I . The PMMA film had been obtained by deposition from a solution of PMMA in acetone. The two other samples were prepared by evaporating the silver film onto the free-standing dielectric slabs; the silver-coated side of the slab was then attached to the coupling glass prism with immersion fluid.
Experimental tesults areshown in Fig. 4 -. . -. ---I n conclusion, GWSPs can be used for extremely sensitive characterization of the surfaces of a wide class of bulk dielectric materials. Any dielectric which can be prepared as a film thicker than about half a micron (necessary far carrying guided waves) adjacent to a silver film can be investigated. Our experiment suggests that the adsorption of small fractions of a monolayer onto the dielectric film can be detected, and further improvement appears to be possible (at least by reducing the divergence of the detecting laser beam). The resulting improved ATR technique proposed in this letter thus opens a wide fieId of application to a method which had been restricted to very few systems up to now.
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